The Kinetics of Ornithine Decarboxylase Activity as a Function of Wounding in Guinea Pig Ear Epidermis  by Bolton, Laura L. et al.
0022-202X/ 81/ 7606-0480$02.00/ 0 
THE JOURNAL OF I NVESTI GATI VE D~:RMATOLOGY, 76:480-483, 1981 
Copyright © 198 1 by The Willia ms & Wilkins Co. 
Vol. 76, No.6 
Printed ill U.S. A . 
The Kinetics of Ornithine Decarboxylase Activity as a Function of 
Wounding in Guinea Pig Ear Epidermis 
LAURA L. BOLTON, PH.D., BARRY E. CONSTANTINE, AND DAVID T. ROVEE, PH.D. 
Research Division, Johnson & Johnson Products, Inc., New Brunswicll, New J ersey, U.S.A. 
Guinea pig ear stratum corneum was removed to in-
creasing depths by 1, 3, 6 or 9 strippings with adhesive 
tape. Increasing ornithine decarboxylase (ODC) activity 
responses were observed in the epidermis 4.5 hr after 
wounding with 3, 6 or 9 tape strippings. The kinetics of 
this ODe r,esponse were investigated at intervals includ-
ing, 2, 4.5, 12, 18, 24 and 72 hr after tape stripping. ODe 
activity was significantly elevated for 12 hr after 3 or 6 
tape strippings and for at least 72 hr after 9 tape strip-
pings. These effects were independent of hair plucking 
or depilation prior to wounding. This model is poten-
tially useful for comparing the effects of chemical, me-
chanical and physical stimuli on ODe activity and sub-
sequent polyamine synthesis. 
The enzyme ornithine decarboxylase (ODe) converts orni-
thine into putrescine prior to cutaneous spermidine and sperm-
ine biosynthesis [1]. These polyamines then function in RNA, 
DNA and protein synthesis necessary for cutaneous cell prolif-
enition. An increase in ODe activity has been observed in 
response to stimulation with chemical tumor promoting agents, 
such as 12-0-tetradecanoyl-phorbol-13-acetate (TP A) [2] , ul-
traviolet irradiation [3], or mechanically induced wounding 
[4,5]. The increase in induced epidermal ODe activity is known 
to be dose dependent for chemical [2] and physical [6] stimuli, 
but this dose-dependence has not been determined for wound-
ing by mecha nical stimuli . 
The present study determined that guinea pig ear epidermis 
is a suita ble model for studying ODe activity, investigated the 
kinetics of the induced ODe activity response to mechanical 
removal of increasing amounts of its stratum corneum, and 
demonstrated that the induced ODe response to tape stripping 
is independent of ha iJ' plucking in this model. 
MATERIALS AND METHODS 
Materials 
Male 300-400 g a lbino guinea pigs (Hartley stra in) fTom Charles 
River laboratories were housed individually in stainless steel screen 
cages with ad libitum feed and water and a 12 hr light cycle from 6 AM 
to 6 PM. 
DL-O- r"C)ornithine hydrochloride (specific activi ty, 59.0 mCi/mM) 
was purchased from New England Nuclear, Boston, Massachusetts. 
Industria l grade cloth tape' with a strong adhesive mass was cut in to 
squares 1 cm on each side. 
Removal of the Stratum Corneum 
Squares of tape were successively applied to the dorsal surface of 
the undepilated guinea pig ears 1, 3, 6, or 9 times, removing surface 
s tratum corneum each time the tape was stripped off. Each square of 
tape remained in place for at least 5 'seconds before it was removed, to 
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allow adhesion to the stratum corneum. Control data were taken from 
contra lateral unwounded ears on 2 animals from each stripping condi-
tion at each time period. 
T he number of layers of stratum corneum remain ing on the skin 
afte r 0, 1, 3, 6, or 9 strippings were counted to verify wound in tensity 
d ifferences. Frozen sections 6 p.m th ick were made on 4 ears in each 
stripping condit ion. Five sections from each ear were evaluated at 100 
x magnification . After fixing sections for 5 min in 95% ethanol, a cover 
slip conta ining the frozen section was applied to a standard glass slide. 
Two drops of 0.25 N NaOH were applied to the edge of the cover slip. 
As the strong base penetrated the sample, stratum corneum cells 
sweUed for easy visualiza tion. 
Hair R emoual 
T o examine possible in teractions between the observed increase in 
ODC activity and hair removal, which accompanied tape stripping, 2 
techniques of hair removal were used with or without subsequent tape 
stripping (9 strips) on 8 animals per group. Hair was plucked from the 
dorsal surface of the ears 20 times per ear using a small diamond jaw 
hemostat, fitted with polyethylene tubing over one jaw. The second 
technique for hair removal was chemical depilation, accomplished with 
a gentle lO-min application ofNEETt depilatory. Chemically depilated 
ears were thoroughly rinsed then dried for 15 min before tape stripping, 
in the group which received both chemical depilation and tape strip-
ping. 
Standard procedure for the ODC activity assay began 4.5 hI' after 
treatment, when the ODC rsponse to 9 tape strippings was known to 
be at its maximum. For the ODC assay, the 8 ears per group were 
divided into 4 samples containing the epidermis from 2 ears each to 
permit adeq uate protein content of each sample. An untreated control 
group of 8 ears contained 2 contralate ra l untreated ears from each of 
the 4 treatment groups. 
Assay of ODC Activity 
The t reated ears of 8 animals in each group were harvested 2, 4.5, 12, 
18, 24 or 72 hr afte r wounding. Extra groups of 8 animals each were 
sampled 4.5, 24, 48 and 72 hr after wounding with 3 tape strippings, to 
confirm the effect of th is wound, and 36 ± 4.5 hr after wounding wi th 
9 tape strippings to explore that time span. Immediately before sam-
pling, which took place between 9 AM and 1:30 PM, subjects were killed 
by in tracardiac injection of T-61 Euthanasia Solu tion. :J. 
All tissues and extracts were maintained at 4°C except when speci-
fied. The dorsal epidermis was separated from the dermis after immer-
sion in 55°C water for 30 seconds, by gentle teasing with a Teflon 
spatula. Each sample contained the pooled epidermis from 2 ears, 
Tissue from 8 ears was pooled to yield 4 samples per data point. Each 
sample was homogenized in 2 ml of 50 mM sodium phosphate buffer 
(pH 7.2) containing 0.1 mM pyridoxal phosphate, 2.5 mM dithiothl'eitol 
and 0.1 mM EDT A, then centrifuged at 30,000 X g for 30 min at 4°C to 
yield a clear soluble extrac t of ODC in the supernatan t. 
ODe activity in each extract was determined as described by O'Brien, 
S imsiman, and Boutwell [2] , by measuring the release of "Co2 from 
DL-(l-"C)ornithine. The extract was incubated for 10 min at 37°C in 
5 mI test tubes with 101 p.l of a medium of pyridoxal phosphate, 1 111M 
EDTA, 10 mM dithiothreitol, 50 mM sodium phosphate (pH 7.2) and 
100 p.l epidermal extract. Then 0.5 p.Ci DL-(1- i'C)-ornithine (59 mCij 
mM) was added to the medium, bringing the final volume to 0.25 mi. 
The reaction proceeded for 60 min at 37°C until it was stopped by the 
addition of 1 ml of 2 M citric acid. The "iCOZ resulting from this reaction 
was absorbed by 6.35 mm diameter absorbent discs§ dipped in NCS 
t Whitehall Laboratories, Inc., New York, New York. 
:t. Animal Health Division, American Hoechst Corporation, Sommer-
viUe, New J ersey. 
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TABLE 1. Increase in ODC activity above that of contralateral unwounded ears as a function of increasing stratum corneum removal 
No. of tape 
strippings 
Stratum Corneum Damage 
3 6 9 
N o. of cell 
laye l's re maining 10.3 ± 0.4 6.7 ± 0.9 2.6 ± 0.4 1.2 ± 0.1 
in stratu m corneum 
Increase in ODC Activity Time afler wounding 
nM CO,fhr/ mg protein (Mean ± standa rd error of the mean) 
2 hr 
4.5 hI" 
12 hI" 
18 hr 
24 hr 
31.5 hI" 
36 hr 
40.5 hr 
48 hr 
74 hr 
0.02 ± 0.02 
om ± 0.14 
0.00 ± 0.00 
0.02 ± 0.01 
0.88 ± 0.29" 
0.18 :t: 0.03" 
0.93 ± 0.03" 
1.32 ± 0.20" 
0.57 :t: 0.08" 
0.01 ± 0.02 
0.02 ± 0.02 
0.7l ± 0.18" 
4.90 ± 1.33" 
0.61 ± O.og" 
0.14 ± 0.04" 
0.08 ± 0.01" 
0.16 ± 0.02" 
0.09 ± 0.01" 
0.14 ± 0.01" 
- 0.01 ± 0.00" 
-0.03 ± 0.01/' 
0.05 ± 0.02 
- 0.01 :t: 0.01" 
0.04 ± 0.00 0.05 ± 0.0] 0.12 ± 0.02" 
" ODe activi ty was significantly (ex < 0.05) higher than that observed in same-study control ears. 
"Negative va lues indicate that ODe activity was lower than that of unwounded control ears, a result which may occur when group mean 
values lie wi thin the error interva l for the method. 
t issue solubilizer~ and attached to the test tube stoppers. Incubation 
was continued for 60 min after th e reac tion was stopped to insure that 
a ll the "'CO, in the solution was absorbed by the discs. The absorbent 
discs were careful .ly removed and p1B:ced in scintilla tion vials containing 
!O ml of scmtillatlOn cockta Ll compnsed of 0.642% 2,5-diphenyl oxazole 
10. toluene. Radioactivity was measured in a Beckman LS-250 liquid 
sCIntillatIOn counter. Enzyme activities were determined in triplicate 
for each sample a nd corrected aga inst blanks prepared by replacing the 
t ISsue extract With 100 Jll of water. 
. Protein content was determined for each sample using an Abbott 
bichromatic analyser wi th a modification of the technique of Gornall et 
al [ 5]. Activi ty was expressed as nM CO2 released in 1 hr/ mg of protein 
in the epidermal sample. 
RESULTS 
Morphologically, the successively increasing number of tape 
strippings corresponded to removal of increasing numbers of 
layers of stratum corneum cells (Table I). The normal stratum 
corneum on either dorsal or ventral untreated guinea pig ears 
averaged 16 ± 6 layers of stratum corneum cells in thickness. 
P hase contrast photomicrogaphs at 100 X magnification il-
lustrate examples of each wound intensity in the Figme. 
T here was no change in ODe activity of untreated control 
ears throughout the experiment. ODe activity in these ears 
remained at 0.03 nM eO,l hrl mg protein with a standal'd error 
of the mean of ± 0.02 for any group of 8 untreated control ears. 
All results are reported as increase in ODe activity a bove that 
observed in the control group for that time period. 
ODe activity peaked 4.5 ill· after wounding in all responding 
tap e stripped groups (Table I). No substantial second peak in 
ODe activity was observed. There was also no i.ncrease in ODe 
activity in response to application and removal of a single 
s quare of tape. However, 3, 6 or 9 tape strippings produced 
s u ccessively higher peaks in ODe activi ty 4.5 ill' after wounding 
and more prolonged intervals of elevated ODe activity as the 
number of tape strippings increased. 
N either plucking nor depilation stimulated an increase in 
epidermal ODe activity in this wound model (Table II). How-
ever, 9 tape strippings following either of these techniques of 
hair removal did elicit increased ODC activi ty 4.5 hr afte r 
treatment. That plucking removed nearly all the hairs from t he 
dorsal surface of the ea r was verified histologically. 
Protein content of the samples averaged 0.13 ± 0.01 gl dl , 
with no significant differences observed among treatment 
groups. 
~ S chleicher & Schnell, Inc., Keene, New Hampshire. 
~ Amersham/ Searle, Inc. , Arlington Heigh ts, Illinois. 
DISCUSSION 
Because the tape stripped wound has a measureable area, 
this wound model can be regarded as a mechanical stimulus 
comparable to topical applications of chemical or physical 
stimuli. Mechanical stin1Ulation by tape stripping induced a 
graded ODe activity response similar in kinetics to that ob-
served in response to chemical stimulation with phorbol esters. 
Both these responses differ from that due to physical stimula-
tion using ultraviolet light, which induces ODe activity peaking 
24 hI' after stimulation [3, 10], in hairless mice. 
The kinetics of the proliferative response to vigorous tape 
stripping of guinea pig ear s have been described in detail by 
eill'istophers [6]. An initial quiescent interval of 24 hr is fol -
lowed by a sharp rise in proliferative activity by the epidermal 
basal cells, peaking 30 hr after wounding. A second similar peak 
in the proliferative response occurs 60 hr after wounding. ODe 
sampling times were chosen to cover similar intervals preceding 
both these peaks in proliferative activity, yet only a single peak 
in ODe activity was observed. Further research is needed to 
explore the relationship between ODe activity and epidermal 
proliferation in this wound model. 
Morrison and Goldsmith [7] showed that hair plucking stim-
ulated ODe activity in whole rat skin. Neither hair plucking 
nor gentle chemical depilation increased ODe activity in guinea 
pig ear epidermis. The difference in results may arise from 
species and site differences or from the different tissue sampled. 
The dorsal rat skin sampled by Morrison and Goldsmith has a 
much higher density of hair follicles than does the guinea pig 
ear. So hair plucking is more likely to disrupt perifollicular 
epidermis in dorsal rat skin than it is in the guinea pig ear. 
Moreover, hail' plucking is known to stimulate hair growth in 
guinea pig skin [8]. Therefore one might expect plucking to 
increase ODe activity in whole skin samples containing follic-
ular epidermis, such as those taken by Morrison and Goldsmith. 
However, the follicular epidermis extending into the dermis was 
not sampled in this study, which aimed at characterizing an 
effect of a skin surface stimulus. 
The dose dependent ODe response observed here is con-
sistent with recent results obtained by Clark-Lewis and Murray 
in a lbino Swiss mouse epidermis [9J showing that skin massage 
elicits no ODe response, while removal of the stratum corneum 
or incision induced marked increases in ODe activity. However, 
the peaks in ODC activity which Clark-Lewis and Murray 
observed at 24 and 72 ill' did not occur in response to tape 
stripping. This difference in resul ts could be due to species, hail' 
growth cycle patterns in the Swiss mouse, wound model or 
cU'cad ian rhythm differences between experiments. Also, in 
their study no sample was taken between the time of wounding 
and 16 hI' postwounding, preventing the observation of peaks in 
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TABLE II . Increase in ODe activity above that seen in untreated 
controL ear epidermis 4.5 hr after tape stripping with or without 
prior plucking or dep ila tion 
T'l'ea lmenl 
(8 ~a rs/grollp yield ing 4 samples) 
P lucked 
Depilated 
Plucked and tape stripped 9 times 
Depilated and tape stripped 9 times 
Tape st ripped 9 t imes 
I ncrease above conlroi 
ODC Activity 
nM COd hr/ mg prote in 
(Mean ± s ta ndard erro r of 
the mean) 
0.07 ± 0.02 
0.05 ± 0.02 
1.45 ± 0.58" 
1.63 ± 0.12" 
1.81 ± 0. 16" 
" abc activity was significantly higher than that of contro l ears. 
ODC activity occurr ing -between 0 a nd 16 hr after wounding. 
Hair growt h is asyn chronous in guinea pigs, as it is in huma ns 
(7]. T his indepe nde nce of a djacent h a ir follicle growt h cycles 
coupled wi t h t h e relatively low d ens ity of t h e h air on t h e guinea 
pig recomme nd it as a m od el for t h e s tudy of ODe activity a nd 
su bseq uent polyamine syn t hesis similar to t hat in human skin . 
Vo l. 76, No.6 
P hase conlrast microphotograph at 100 x magnification of guinea 
pig ea r stratum corneum swollen wi th 0.25 N NaOH. A , Normal un-
stripped guinea pig ear stratum corneum. B, Stralum corneum after 1 
tape stripping. e, Stratum corneum afte r 3 tape strippings. D, Stratum 
corneum afte r 6 tape strippings. E, Stratum corneum afte r 9 tape 
strippings. 
T he presen t study s hows not only toat guinea pig ear epider -
mis is a sui table m od el fo r investigating t h e ODC activity 
response to s kin s uIface stimuli, bu t that t h e graded response 
e lic ited by tape-stripping re mova l of t h e stratum corneum 
pa ra lle ls t hat see n in CD- l m ouse skin [2] in response to s kin 
surface ch e mical s timulation wi t h T P A . 
The authors gratefully acknowledge the assistance of Marge Nigh-
land in determining protein content of the samples. 
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